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(54) Reactor and process for dehydrogenatlon of ettiyttenzene to styrene 



(57) An ethylbenzene dehydrogenation reactor 
design fiaving an elongated outer stiell (11), an elon- 
gated displacement merrtier (12,1 12,212,312,412.512) 
iocaled coaxiaDy therein, and an annular catalyst bed 
(19) therebetween; wherein the displacement memk>er 
(1 2,1 12.212.312.412.512). has a m^ority of its length in 
a cylindrical configuration (215.317.413) and the 
remainder (216,217) is norhcylindrical in shape. 
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DescilptI n 

CROSS-REFERENCE TP RELATED APPLICATIQM 

This appGcation is a continuation appli ca t i o n of a 5 
previ.usly filed copending application, Serial Number 
07/660.382. fOed Febmary 26. 1991 by Butler, et aS.. of 
the same title. 

BACKGROUND QF THE INVENTION 10 

This invention relates to the field of styrene manu- 
facture and more particularly discloses apparatus 
induding reactor vessels for the dehydrogenation of 
ethytoenzene into styrene morKxner. is 

It is well known in the art of styrene nranufacture to 
react ettiybenzene over a defiydrogenation catalyst 
such as iron oxide under elevated temperatures in the 
range of around lOOO^F and at a pressure of about 10 
t 20 PSIA in order to strip hydrogen from the ethylradi- 20 
cal on the benzene ring to form the styrene molecula 
This is normally done in a styrene radial reactor wfiich 
also is oommonfy termed an EB dehydro reactor. The 
d hydro reactors generally are elongated cylindrical 
vertical structures of a very large size ranging in diame- ss 
ter from about five to thirty Itet or more and in length 
from about ten to one hundred feet or more. The normal 
construction Ibr such a reactor allows for Input of the 
ethylbenzene gas at an inlet located In the kxrttom 
c nter of the vertical reactor, whereupon ttie gas is 30 
flowed up ttirou£^ an annular area, passing radially out- 
ward through a porous catalyst bed of iron oodde or 
other suitable dehydro catalyst, and then passing 
upwwd through an outer annular area to exit at the top 
of tfie reactor shell. Since the flow of ethylbenzene as 
across ttie catalyst bed is in a radial direction, these 
reactors are sometimes identified as 'radial* reactors. 

Normally a radial re^:tor would be sized such that 
tlie annular flew area inside the catalyst bed would have 
some relative proportional value with respect to the 40 
crossrsedional flow area of the inlet pipe delivering 
ethylbenzene to the reactor. Preferably the annular flow 
area inside the catalyst t>ed would be larger than the 
cross-sectional flew area of the flow inlet pjpa Because 
of the extended vertical length of such reactors, nor- 4S 
mally the irdet pipe to the bottom of the reactor must 
come in at a relatively sharp ninety degree radius and 
ttw resulting effect is a side-to-side maldistribution of 
flow across ttie reactor vessel. Ideally, ttie inlet pipe to 
ttie reactor would be a straight vertical pipe for a oonsid- so 
arable distance prior to entering the reactor, but due to 
physical configurations, this is not p06sft)le t)ecause of 
tlie extended vertical height of the reactor. 

Also, due to tfie nature of flow acroas the extended 
vertical lengtti of the reactors, switching from longitucfi- ss 
nal or axial flow into a racfial or transverse flow and then 
t»cklntol ngitudinalflQw.flowvelodtiesacrQssthecat- 
alyst t>ed from top to txrttom vary widely in oonv ntional 
reactor vessels, ttius resulting in degraded catalyst life 



in ttme areas of ttie reactor witti tti greatest flow 
velodties. It has been found by experim ntation and 
flow velocity measurements that ttie h^hest feed veloc- 
ity across tfie catalyst beds In a ractial reactor generally 
occurs near the top of ttie reactor, and ttie lowest veloc- 
ily across the catalyst bed occurs near ttie bottom of ttie 
reactor near the inlet pipe. This increased velocity at ttie 
top of the catalyst l>ed and reduced velocity at the M- 
tom of ttie catalyst bed results in a greally shortened life 
of the catalyst near the top of the reactor and forces a 
shutdown of the reactor for catalyst regeneration much 
sooner ttian normally desirabla 

SUMMARY QF THE INVENTION 

The (vesent invention discloses dehyiirogenation 
reactor vessel apparatus that utilizes specific baffling in 
the inlet (4)e to reduce "east to wesT flow differences 
across ttie reactor and fcirlher utilizes optimally config- 
ured concentric displacement cylinders inside ttie reac- 
tor to normalize 'nortti to soutti' flow velocities witturi 
ttie reactor and across the catalyst bed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 ttirough 7 illustrate cross sectional sche- 
matic diagrams of ttie reactor vessel and inlet piping of 
the present invention. 

Fgiffes 8 ttirough 1 7 illustrate graphic comparisons 
of flow velocities at various positions in the various reac- 
tor designs of ttie present invention. 

Rgure 18 is a cross sectional side view of the inlet 
pipe to ttie reactor witti the baffle installed according to 
ttie present invention. 

Rgure 1 9 is a aoss sectional view taken at line A-A 
of Rgure 18 of the same apparatus. 

Rgure 20 is anottier cross sectional view of ttie 
apparatus taken at line B-B of Rgure 19. 

DESCRIPTION QF THE PREFE RRED EMBODI- 
MENTS 

Rgure 1 is a schematic cross sectional side view of 
an EB defiydro reactor vessel 10 having an elon^ed 
outer cylindrical shell 11 enclosing an inner cylindrical 
displacement member 12 located concentrically inside 
cylindrical vessel 11. Vessel 11 and displacement mem- 
ber 12 are generally rigfit circular cylinders^ meaning 
ttiat a aoss sectional view taken perpendicular to ttie 
longitucfinal center lines of these tvw> vessels would be 
drcular in shape. f^eferat)ly, displacement cylinder 12 is 
located oo-axially witfun vessel 11. meaning tfiat tfie. 
oentaral tongitudinal axis of the two cylindrical structures 
coincide. An inlet pipe 1 3 having a large cross sectional 
area is connected to a central inlet opening 1 4 formed in 
ttie bottom of sheO 11. Preferably inlet p^ 13 is also 
cylindrical in cross sectional area and enters tfie vessel 
after making a ninety degree turn form horizontal. Inlet 
pipe 13 has a series of flow baffles 15. 16 arxJ 17 
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attached internally to the walls thereof to aMUrol thef low 
of gas therethrough and oHM the effect of the right 
angle turn In pipe 13. 

The placement of cylinder 12 within vessel 10 in a 
coaxial aOgnment serves to form an vnular catalyst s 
area comprising a cylindrical annular catalyst bed 19 
which is located between displaoement cylinder 12 and 
wall 11 of cylinder 10. A series of optioi^ rad^y out- 
waidly extending flow tiaffles 20 may be formed on the 
outer wall of catalyst bed 19. extending radially outward io 
therefrom to further direct flow of gases flowing through 
the catalyst bed and directing them into a radial flow 
direction, theretjy preventing longitudinal flow and fur- 
ther smoothing out flow across the catalyst bed. 

The catalyst bed 19 comprises a concentric cylin- 75 
drical catalyst shell made of a perforated or porous 
inner wall 19a arxl a similar porous or perforated outer 
wall 19bL Preferably the catolyst sheD is sufficient to 
maximize ftawv and stfll retain the defiydro catalyst 
between the inner and outer wfills 19a and 19b. Some 20 
typical catalysts utilized in the dehydrogenation process 
are those sold tiy Shell Chemical Corporation and des> 
tgnated as Shell 105 and Shell 105E. These may be of 
the iron oxide type or otfier dehydrogenation types of 
catalysis. 2s 

The sizing of the flow areas of the Inlet pqpe 1 3 and 
the annular area 21 t)etween thedsplacement cylinder 
12 and the catalyst bed 19 is preferably in the range of 
about 2 to 1 with annular area 21 being approximately 
twice the value of the cross sectional area of pipe 13. 30 
Furthermore, the annular area 22 between catalyst bed 
19 and vessel 11 is approximately five to six times the 
annular flow area 21 . 

Figure 2 is a side cross sectional schematic view of 
an alternate configuration of the reactor of Rgure 1. In ss 
Rgure 2, an optionai outer baflRe shell 30 has been 
added to the optional t>affle8 20 illustrated and 
desaik>ed in Rgure 1 . Baffle shell 30 comprises a series 
of radial orifices 31 passing through the wall thereof and 
communicating with outer annular flow area 22 from 40 
inner annular area 21 through catalyst bed 19. 

The piDvision of outer baffle sheD 30 with racfial 
opening 31 provides a better source of flow control for 
the reactive gases passing through aimulus 21 toward 
annulus 22. The conjunction of shell 30 and catalyst t>ed 4S 
19 directs the gases in a more ratfial flow direction and 
prevents the flow in the longitudinal axial direction. 

Figure 3 is an alternate embodiment comprising a 
cross sectional side schematic view of an altematecfis- 
placement member construction. In Rgure 3 the dis- 50 
placement member 112, rather ttian being a cylindrical 
configuration, is a tapered frusto-oonical configuration. 
The ratio of the upper diameter of displacement menv 
t>er 1 12 to the lower diameter is approximately 2:1. The 
remainder of the reactor system, with the exception of 55 si 
th inlet pipe, is ttiesama In this configuration th inlet 
pipe 13 has had flow baffles 15 and 17 removed and 
therefore retains only flow t>affl 16. The reactor vessel 



outer shea 11 and the catalyst bed 19 remain relatively 
unchanged from Ftgure 1 . 

The displacement member 1 12. as previously men- 
ti ned. comprises a frusto-conical section extending 
substantially from the bottom entirely the full length of 
the displacement member. Preferably the lower end 1 13 
is a hemispherical configuration as is the upper end 
1 14. The taper on the cylind^ is substantially constant 
for the entire length and is an angle of taper of from 
atxMit 1 degree up to about 15 degrees, with a prefera- 
bly angle of appfoximately 2-4 degrees^ 

another emkxxfiment of the present invention is 
cfisdosed in Rgure 4 wherein the displacement n>ember 
212 comprises an upper portion 215 of a cylindrical 
nature arvj a lower portion 216 having a frusto-conical 
vrall and a hemispherical tx>ttom end to 21 7. The frusto- 
oonical portion 216 of displacement member 212 00m- 
prises appnaximately one-fourth to one-thiid of tfte 
entire length of the displacemert rnernber. The angle of 
taper on the fruslo-oonical section 216 ranges from 
atx)ut 2 to about 30 degrees, and preferably atxxxt 4-10 
degrees. The remainder of the reactor structure 10 is 
sfctetantially identical to the previously described 
entxxfiment in Figure 2. 

In anoltier separate errtediment of tfte present 
Invention, cfisdosed on cross sectional side view in Rg- 
ure 5. the displacement menfoer designated 312 has 
the lower section formed in a parabolic configuration as 
indicated at 316. Section 316 a parabolic cross sec- 
tional configuration rotated about the central longitudi- 
nal axis to form a regular paraboloid end section 316 of 
consistent parabolic cross sectional conf jguratioa The 
remainder of the displacement menfoer 312 incficated at 
317 oonprises the same generally cylindrical portion as 
previously described in the other embodiments. Prefer- 
ably the parabolic section 316 of member 312 com- 
prises from one-fourth to one-third of the entire length of 
the memk)er. 

YbI another embodiment of the present invention is 
ttial disclosed in cross sectional side view tDustrated In 
Rgure 6. In which the normally cylincfricalcfisplacement 
cylinder 412 has been shortened t>y approximately one- 
fburth to one-third of the length and results in a lower 
end 413 spaced a 6ut)8tantial distance atwve the inlet to 
tfie reactor. 

Referring now to Rgure 7, an even furtlier embodi- 
ment of the reactor vessel is disclosed, wherein the nor- 
nnlly flattened hemispherical top portion of the reactor 
510 has been replaced t)y a frusto-conical top portion 
511. The displacement memt)er 512 is of the normal 
cylindrical cortfigurafion extending concentrically and 
coaxially down the centre tine of the reacta vessel 510. 
The remaining portions of the reactor assenfoiy com- 
prising the catalyst bed 19 and the baffle shell 30 are 
Aantially Identical to the previous emtxxfiments of 
Rgures 2. Likewise, the irilet pipe 1 3 containing the sin- 
gle flow t>affle 16 is substantially identical t pr^ously 
described enfoodiments of Rgure 3. 
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Referring now to the graph illustrated in Rgur 8. 
there is illustrated therein the relationship between flow 
velocity through the catalyst bed indicated on the left in 
feet per second, and the vertical position selected along 
the catalyst bed of Figure 1. The vertical positions ar 5 
indicated at equispaced intervals along the vertical oon- 
figuration of the catalyst bed 1^ the letters a^. begin- 
ning with "a' at the bottom of the catalyst bed and 
ending with 'g' at the top of the catalyst bed. Figures 
represents the change in flow velocities moving from the w 
bottom of the catalyst bed to the top of the catalyst bed. 
This incficates that a significant increase in flow occurs 
across the vertical gradient of the catalyst bed, going 
from approximateiy 160 to 420. a factor of over 2.5. Fig- 
ure 8 also discloses the difference in flow velocities 15 
tMlween the east side and the west side of the reactor. 
H should be noted that in all figures the center line of the 
reactor vessel 10 is illustrated as lying in the plane of 
the f igura likewise, the center line of supply pipe 13 lies 
in tiie plane of the figure and the ninety degree angle so 
made by supply P9ie 13 also lies in ttie plane of the fig- 
ure 

For convention sake, the directional flow character- 
i^ics of the reactor caused by the vertical ^adient of 
the catalyst bed arxl caused by the sharp tum in the 2S 
supply p^ 13 can best be described by assigning 
directional connotations to the various asymmetrical 
portions of the reactor. Keeping in mind tftat the bend in 
Ifie supply pipe 13 is a ninety degree berxi lying in a sin- 
gle plane, that plane being the plane of the figure, the $0 
directional coordinates of tfie reactor are tiien assigned 
the same terminology as tiie points on a compass, wrtti 

the top of the reactor l)eing the north end, the bottom of 
the reactor being the soutti end and naturally the west 
side being the left side of the reactor and the right side as 
being the east side of the reactor. This convention wSI 
be utilized in all descriptions of ttw present invention. 

Referring back to Rgure 8, it can be seen that not 
only there a sut)6tantial ctiange in flow velocity from 
thebottomof the catalyst bed to tiie top of the catalyst 40 
bed. (keeping in mind that the f kiw bebig measured is 
the radial f tow going from tfie inner annular area 21 to 
the outer annular area 22). but there is also a definite 
ftow vekxaty change going from east to west, witti the 
f k)w on ttie east skJe of the reactor beAng significantiy 45 
tiigher ttian the fkMv at corresponding vertical points on 
the west sUe of the reactor. 

In ttie diagram, ttiefkyw velocities on the east skle 
of the reactor are represented the sold Kne and the 
ftow vetodties at corresponding points on tiie west skfe so 
of the reactor are designated with the dotted line This 
convention also hoUs for all of the figures. Thus it can 
be seen from Figure 8 ttiat witti the reactor configuration 
shMi in Figure 1 ttiere is a very significant grullent of 
ftow velocity across ttie vertical height of ttie catalyst ss 
iMdasw II as a difference in ftow velocity from nesid 
of ttie reactor to ttie ottier. It is beOeved ttiat ttie ftow 
vetocity gradient from the top to the bottom of the reac- 
ta is ttie result of the relationship between ttie cross 



sectional annular areas and ttie displacement member 
ia On ttie Ottier hand, it is believed ttiat ttie change in 
ftow vetodties from east to west is a result of ttie sharp 
angle in ftow pipe 13. which result the inventors hav 
attempted to modify by installation of flow baffles 1 5, 1 6, 
and 17. 

Referring now to Figure 9 there is illustrated graph- 
ically the result of ftow tests on the reactor conf Iguration 
of Figure 1 wher«n ttie flow baffles 15 and 17 have 
been removed from ftow pipe 13 leaving only flow t>affle 
16 in placa It s apparent from the sut>stantiaDy overlap- 
ping nahire of ttie ftow lines for ttie ftow velocity graph 
lines for the east skfe of the reactor and the west side of 
ttie reactor ttiat ttie placement off ttie single baffle 16 
and removal of baffles 15 and 17 almost totally reduces 
any differential tn flow velocities aaoss the reacta from 
easttowest This is obviously a desirable result since it 
equalizes the flow vetodties from east to west and 
thereby optimizes the catalyst life in a transverse direc- 
tion across ttie catalyst t>ed. 

Rgure 10 Ohistrates the results of utilizing the reac- 
tor configuFation of Rgure 1 with a larger t>affle tocated 
in ttie same position as baffle 1 6. This baffle is a quarter 
moon shaped t>affle having a drcumference approod- 
mately half the drcumference of the ftow pipe and is 
more dearty Olustrated in Figures 18-20; whtoh will be 
more particularly descrit>edhereiht>etow. It cot tie seen 
from Figure 10 ttiat tiie newly-installed flow baffle at 
position 16 results in a very dose conelation in ftow 
velocities between ttie east side and west skfe of ttie 
reactor and tends to flatten out ttie ftow vekx:ity ^Bdi- 
ents vertically from position "a* to approximately posi- 
tion "e". 

Figurell isagraphtolDustrationof ttieftowvekid- 
ties ptolted utilizing ttie reactor design illustrated in Rg- 
ure 6 wherein ttie displacem^ member for 412 tias 
been shortened by approximately one-fourth to one- 
third of its lengtti. with the removal of the displacement 
merrter oocuning at the bottom of the reactor and witti 
the top of ttie displacement menter remaining sut)6tan- 
tially in the same position as ttie conffigurBtion of Figure 
1, Rom Figure 11 it can be seen that a slifi(ht disaep- 
ancy inflow velocities from east to west tms t>een rees- 
it)ltsfied in the reactor, which dscrepancy is not of 
suffident magnitude to degrade the ca^lyst life, but on 
the other tiand a very 8ut>stantial decrease in flow 
velocity gradients in a vertical direction is acNeved witti 
reactor design of Figure 6. Fdr example, ttie average 
flow vefod^ at point 'a* is approDdmately 320 and the 
average flow vetodty at the very top portion of the reac- 
tor has only risen to approximately 390, an increase of 
only about twenty percent The configuration of Figure 
11 would be very advantageous but is it desirat)le to 
reduce ttie east to west flow gradient at ttie lower end of 
the reactor flrom ttie amount illustrated in Figure 11. 

Rgur 12 Olusttates flow velocity tests in a reactor 
oonfigurati n simOar to Rgure 6 except ttiat th dis- 
placement merTt>er 412 has been totally removed to 
test the effect of no displacement meml>er. From ttiis 



4 



7 



EP0724 906A1 



8 



test It can be seen that a large cGscrepancy in east-west 
V locities occurs at points 'a'.V and V in ttie Older of 
thirty percent or more. 

Figure 13 ilustrates the grspNcally the flow veloci- 
ties in the oonflgumtion Illustrated in Figure 3. In this s 
reactor configuration a relatively desirat)le overlap of ttie 
east-westf low velocities indcates very little flow velocity 
gradient transversely across the reactor. Also the rela- 
tive flatness of the two curves indicates a very accepta- 
tke flow gradient vertically from position "a" to position w 
V- Going from approximately ISO only to approxi- 
mately 220. a change of only 70. 

Figure 14 is a graphic illustration of ttie flow velocity 
gradients in the reactor configuration disclosed in Fig- 
ure 4 and is not as desiraksle as that of the previous con- is 
figuration since tftere is a measureat)le fk>w ^-adient in 
the east-west direction and a very measureatjie flow 

gradient t)etween positions V and *g'- 

Figure 15 is a graphic illustration of the flow veloci- 
ties measured in tlie reactor having a oonfiguiBtion as 20 
iRustrated in Rgure 5. In this reactor configuration the 
east-west flow gradients remain relatively snwll 
throughout the entire length of the catalyst t>ed arvl the 
average flow velocity from position a to position "g* goes 
from approximately 190 to approximately 220. This 2S 
appears to be the most desiiable configuration for over- 
all average flow velocity consistency. In this configura- 
tion tiie displacement member has approximately one- 
fourth to one-third of the lower cylindrical portion 
replaced a paratxilic portion of consistent parabolic 3o 
cross sectional area. 

Figure 16 is a graphical iDustration of ttie same 
reactor configuration of Figure 6 wherein ttie dfeplace- 
ment menter 412 has been shortened by approxi- 
mately on&-fburtt) to one-third of its lengtti. txit the 35 
difference being that the flow baffle 16 has been 
replaced by the improved baffle design desaibed here- 
inbelow witti respect to F^ures 18-20. Afthough this 
configuration represents an improvement over the con- 
figuration of Figure 1. ttiere is still an appreciable flow 4o 
^adient from position "a" to position "cT and a second 
gradient from position "c" to position 'g*. 

Figure 17 is a graphical representation of ttie flow 
characteristics of fh& reactor of configuration Figure 4 
utifizing the new flow baffle as deBcra3ed hereint>elow. 45 
The results of ttiis configuration indicate that from posi- 
tions "b" to "e". ttiere is very dose correspondence 
t>elween ttte east^Mest flow gractoits as well b& very 
dose corr e spondenc e in a vertical direction between 
these positions. Unfortunately, from position V to posi- so 
tion 'g' there is a relatively high inaease in flow velocity 
and an tnaeasing spread in east-west flow gradient 

Figure 18 is an enlarged cross sectional side view 
of ttie fkMT ppe 13 as illustrated and described in each 
of ttie previous figures, fen figure 18. flow pijpe 13 is « 
shown making the rigfrt angle bend and having an outer 
radius 40 and an inner radius 41. fen ttie upper tialf of the 
outer radius 40 ther is an improved baffle design 16a 
having a vertical quarter-moon shape 16b and a trans- 



verse support bracket 16c attached permanentiy 
thereto and to tfie uter radius 40. It should be noted 
that each of the segmented sections of. ppe 13 prefera- 
bly has a drcutar. cross sectional shape as illustrated in 
Figur 19. 

Referring now to Figure 19. ttie vertical quarter- 
moon baffle plate 1 6b Is illustrated in the erxfview taken 
at line A-A of Rgure ia Likewise, ttie attachment of ttie 
radiused semicylindrical support bracket 16c can t>e 
seen in phantom in Figure 19 attadied to biaffle plate 
16b. Support plate 16c serves to act as a semidrcular 
*rarnp* to smootti ttie flow of fM gas through the P9>e 
13 and direct it in a more upwardly direction to offset the 
effects of the relatively sharp right angle bend in pipe 
13, 

Rgure 20 is a acss sectional side view of the baffle 
plate 16a showing a top view of the baffle plate taken at 
One B-B of Figure 19 and a relatively flat top view of ttie 
ranrp or support plate 16c. 

Thus, the present Invention, as disdosed in ttie 
aforementioned drawings and descriptions correspond- 
ing thereto, provides means and apparatus for the dehy- 
drogenation of ettiylbenzene to styrene, which process 
and apparatus enjoy ttie advantages of extended cata- 
lyst Gfe and closer control of f kiw velodties at various 
points across and up-and-down the reactor cross-sec- 
tional configuration. Conventional reactors suffer from 
stx)rt catalyst life due to non-consistent f bw vdodties 
across varying sections of the catalyst beds. Radioac- 
tive tracer studies of these reactors incficate a severe 
gradient in ttie f bw vekxxties across the cross-sectional 
configuration of ttie reactor. Alsoi fkiw disruptions and 
ftow variances appear to be generated in the Inlet tine to 
the reactor. 

It was discovered that ttie conventional inlet line 
configuration in the reactor caused a ftow vekx% gradi- 
ent from east to west across ttie reactor Furthermore, it 
was also discovered that fk>w velocities through the top 
of the catalyst bed were in the range of one and one-half 
to two arvJ one4ialf times higher tfian ttiose across the 
bottom of ttie bed. Thus, it was realized ttiat utiBzafion of 
the catalyst In the reactor was far from uniform, which in 
turn contributed direcfly to much shorter tfian expected 
catalyst life. 

As a result ttie present invention cfisdoses reactor 
configurations ttiat almost totally eliminate the east- 
west ftow velocity gradients and substantially reduce ttie 
north-soutti flow velocity gradients. This is achieved by 
ttie use of a single baff to design tocated at a paiticulariy 
advantageous point in the inlet flow ppe and used in 
conjunction witti unique designs and sizes of the central 
ooaxially tocated cfisplacement members. Of the most 
pertinent and advantageous designs appears to be 
ttiose of Figures 3. 5 and 6. Of ttiese ttiree designs. H is 
believed ttiat that of Figure 5 is ttie most advantageous 
and offera the greatest ImprDvement In consistent flow 
velocities, both east-west and north-soutti across th 
reactor configuration. Although the parabolk: displace- 
ment memt)er configuration is the most preferred 
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errbodifnerit. it is apparent that several other disclosed 
oonf durations approach the efficiency and opb'irazalion 
of flow velocities of this dteign. Fbr exanple, the short- 
ened cfisplacemeni menrter having approximateJy one- 
fourth to one-lhird of the lower end removed, and retain- 5 
ing ftB general cylindricaJ shape (as evidenced bf the 
flOMT velocities charted in the graph of Figure 16), 

approaches the flow efficiency d the preinous prelie^ 
embocfiment. 

In typical operation, ettiylbenzene feedstock is sup- 10 
plied to the reactor vessels via feed supply line 13 
through inlet area 18. Rrom there the ie&A material flows 
into annular area 21 located radiaHy inside the catalyst 
bed 19. The feed gas then flows ladiallyoulwaid, pass- 
ing through the catalyst where it is dehydrogenated to is 
styrene. Operating oorKlitions in the reactor are prefera- 
bly in the range of about 900-1225 tenperoture. and 
about 8-22 PSIA pressure. Row velocrties in the reactor 
range from about 1 00 to 400 fps. with a preferred overall 
flow velocity through ttie reactor of around 200 to 300 20 
fjpa. 

Although certain prefen'ed errtedBnents of the 
present invention have been herein descrbed in order 
t provide an understandirig of the general principles of 
the invention, rt will tw appreciated that various changes 25 
and innovations can be effected in tlie described dehy- 
drogenation reacta assembly without departing from 
these princ^e& For example, whereas the preferred 
embodiment is described as a partial paraboloid, it is 
obvious that other similar shapes such as ogive could 30 
be sut>stituted for the paraboloid Also, it is apparent that 
different baffling shapes oouU be utilized in the inlet line 
to achieve east-iwest flow normafization. Other changes 
would be apparent to one skilled in the art and therefore 
ttieinventkm is declared to cover all changes and mod- 3S 
ifications of the specific exarrples of the inventton 
h rein disctosed for purposes of illustratkjn which do not 
constitute departures from the spirit and scope of the 
invention. 

40 

dalms 

1. In a gas-fkMr catalyst bed reactor assentjiy having 
an axial inlet tube and adapted for radial flow across 

an annidar catalyst bed surrounding and displaced 46 
a distance from a coaxial central cfisplaoement 
member, the improvement comprising: 

said displacement member having a lower 
portion comprising at least one tenth of the kywer 
length thereof formed in a non-matching configura- so 
tion to the remaining majority upper portion of said 
ment>er. 

2. The reactor assembly of daim 1 wherein said dis- 
placement ntentbet is primarily cylindrical and said 55 
tow r portion is non-cylindrical in shape. 

3. The reactor asserhbly of daim 2 wherein said tow r 
portion s frusto<onical in shape. 



4b The reactor assembly of daim 2 wherein said lower 
portion is paraboGc in axial cross-sectional conf igu- 
ration. 

5. An ethylbenzene dehydrogenation reactor vessel 
fordehydrogenatingethylb nzene into s^ene over 
a dehydrogenation catalyst, said vessel compris- 
ing: 

an etongated cyfincfrical vertical reactor 

shell; 

an elongated, vertical displacement member 
tocated in saki reactor sheU in coaxial alignment 
therein, arranged to form an annular area within 
sakI reactor shell; and, 

a cylindrical annular catalyst bed inskle sakf 
reactor sheU tocated radially within sakl annular 
area; 

wherein said displacement member has a 
cylindrical configuration over a majority of its length 
and a non-cylindrical conf iguratton over the remain- 
der of its length. 

6. The reactor of daim 5 wherein said norvcylindrical 
conf iguratton is frusto-conical. 

7. The reactor of daim 6 wherein sakl frusto-conical 
conf iguratton is at the bottom end and comprises 
about one-fourth to less ttian one-talf of the length 
of said memk>er. 

8b The reactor of daim 5 wherein said vertical (fis- 
placement mennber non-c^indrical oonfiguratton is 
parabofia 
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